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sign, Con-struction and Operaitins I echnolog tor ( old Regionls
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SUMMARY

This study analyzes the least lifte-(v( le (ost, ([C(s) tor insulation at 12 military

bases in Alaska We base the study on ( imate and c onstruction cost data used by

the U S Army Corps of Engineers
The econornic analysis assumes a 25-year project lifetime and 10% time value

of money to determine the present value of future expenditures Fuel oil, coal

and natural gas are assumed to have annual escalation rates that cause their

prices to rise faster than the aggregate rate of inflation Construction (ost data

vary according to location in Alaska
The construction types for walls include 2 x 4's 16 in on center. 2 x 6's 24 in

on center, and for thicker walls, double walls of 2 x 4's 24 in on center, all fully

insulated with fiberglass batts These are iypical of Corps of Engineers designs,

even if the wood construction represents furring for masonry construction
For roofs the study covers attics, built-up roofs (BURs) and protected roof

membrane (PRM) construction Attics are easy to add insulation to, even if more

depth of roof structure is necessary The two types of low slope roof construction

incorporate relatively expensive insulation. Their most economical thickness tv-

pically has a lower R-value than for attics or walls

Economic analysis determined that the R-value (the thermal resistance in units

of OF-ft-hr/Btu) should be 21 for walls and 40-62 for attics in most of Alaska

BURs and PRMs, however, would have least LCC R-values of only 12 or 13

In 20 years, if fuel costs continue to outstrip general inflation, the recommend-

ed values become R-32 for walls and R-62 for attics Those who choose to use

construction that will become economically appropriate in 20 years actually pay

only a small penalty for their conservatism Therefore, we recommend this option

to hedge against increases in fuel costs and to save fuel supplies

Since many of the assumptions in the study are based on inexact data, the sen-
sitivity analyses tested the degree to which inaccurate assumptions would alter

the conclusions Because we are dealing with climates that require much insula-

tion and because the addition of an increment of insulation does not offer the

dramatic reduction in heat loss that the first increments do, the conclusions are

quite insensitive to inaccuracies in construction and heating cost assumptions

In sum, this analysis demonstrates that using more insulation than convention-

al economics would suggest costs little extra but in the future will require much
less heat input than will contemporary buildings.
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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

These conversion factors include all the signiticant digits given in
the conversion tables in the ASTM Metric Practice Guide (F 380),
which has been approved for use by the Department of Defene
Converted values should be rounded to have the same precision
as the original (see E 380)

Multiply By To obtain

British thermal unit 0.001055056 Joule

degrees Fahrenheit tot = (to-32)l 8 degrees Celsius

foot 0 3048* metre

inch 0.0254* metre

*[Exact
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LEAST LIFE-CYCLE COSTS FOR INSULATION
IN ALASKA

Stephen N. Flanders and Harold J. Courts

INTRODUCTION cal l' los initial value 1heret(ore 5%e ha\e (on
verted the 1980 price to 11q79 dollar,, and used it

The purposes of this study are to determine re- alongside the other e( nomii( data

presentative least lite-\ cle costs (l CCs) tor inso,- In our anal% sis the abrupt L hange in pri e pri-

lation at Alaskan military bases and to explore marily affected Fort (reel\. the remote -\tr

the limitations of this kind ot econom analysis Force sites and Adak Nasal Station In general

M tormulating building insulation poli\ at inil- the least LtC fiberglass in ,ulation0 tor miitar\

tarv Installations in Alaska frame construction in 1971) %sould ha\e been R
Life-cycle costing is a method for comparing 32 for attics and R-21 tor \,alls throughout

investment alternatives bv converting all present Alaska An R-s alue is the thermal resistance o1
and future costs and revenues into an equivalent the constru( tion in units oi O1-tt -hr Btu 1 he

form When choosing an insulation thickness ve new pri(e changed the atti( \saluIeS to R-40 and
weigh the added present cost of thicker insula- even to R-62 in some ca',o,

tion against future savings in heating costs In IBe(ause the\ use less e\pensise tuel I t RK Ih
this paper we translate the cost of heating a ardson and Ft samnright arevxception, oltl\

structure throughout its life into a present value e onomic considerations indli ate that R 21 1t

and add it to the cost of construction to make ti(s and R-1.3 valls are appropriate at these
comparisons in 1979 dollars bases This suggests that large users crt at tord

We collected data about 1979 heating costs to (onsnlt errergs less et ticientl, than the gen
for 12 representative military installations eral pubI(
throughout Alaska (Fig 1) These data, combined I urther doubt about cons entional e ononm

with a knowledge of the climate and the con- anal', sis tome, Mhen %%e consider built-up root,

struction costs for building t'pes that the U S (IIUR s and protected roof membranes (PRMsI

Army Corps of Engineers typically employs, en- Adding insulation in these roots i, mu I More'

abled us to compile tables of the most economi- expensive than adding tiberglass to in alti(

cal insulation thicknesses for these facilities We space As a result e( on'om( anal si indi( ates

determined in all cases that the most economi- that the minimumn R-12 or R-I roots are appo

cal construction practices would be the same as priate tor most of Alaska, mu It less than an at-
those now used, even if heating costs were 50% tic

higher than we had assumed In the body of the paper we explore in greater
However, after we collected our data, the detail the assumptions that result in soc Ih urn-

price of fuel jumped 187% The world-wide form results for a state as economicallk and cli-
price that U.S. military installations paid for die- matically diverse as Alaska In addition we have
sel fuel was $0.4491gai. in 1979 In early 1980 it some recommendations about the limitations of
suddenly became $1.29/gal We have treated this conventional economic analhsis for determining
jump as a one-time adjustment to an unrealisti- insulation policy
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lid'. d grtttr stll) iii ( tiftinoinig Iiestnilts I or /nsul/atnn e( t,'olt wllt

an iii'.t tinert in soiiiething that '.sill list 2; 5 1h RIt f, 1 1)7-)l gl thi -~j ts,- h is liit ltf

y.eairs. %'.e W OUtIuld htbe I eq aI'). \ i inil t t i ma ke 2 5 1L i tutu I Li-st'd toti trti- - it th tit-( it il i ( I ir-

C(lLi,1l a 1nuLiI pa'. V 11nt s I n( 0 11lt1 t 10t% I n rt-r t in hoising insuilotion if ig 21 Iti-l, sri-
Oil the' ouitstaniding baldfl( 0 or to pa'. about nine that thW 11nUal (oti doesn t ( ligie f'. intj Ii

tinie-s the amiiint 01 an arnual pa'. intnrt inltilill'.' iil h1ti aIn 11iniln 01H kn W- nt-

I heretore, the present w\oiith tm tor (PA I )tor Ini the- \ i( init'. ii th Il i sV t 1in i ( i~ M 1

NiJ h p)d'.nients tiir 2-'. tar etononiit litenit i s Mi)te impotrtat ith t ,ia( t hat n/ddinLg insiter-
nine times the am1unt ot a1 single dItfLial pa'. ahi'. moire insulation sitI diiesnl 1! tit \ or'. n1Lii h1
ment We aIso) use a1 ~l' tor an t,, alat lug ser More anlnull i' lthough it ,i'.es tni t hai il

Ie (,ti onoimit all'. olitlitrun anilunt tol tnt-I firthit-

more, ltinear Int reaists iii is-nlottion hi'.eoiit
In f/ation~ oshing beneflits in tinI '1 n1 119

in our study, inflation does not enter explicitly Stephenson [1976) represents the most econo-

into our calculations. We can ignore inflation in mocal choice of insulation thickness different'.
considering the economics of government in- (Fig 3) Where Rice sho,.sv the absolute cost 01

vestment because it is likely that no matter howN the Aall affecting the choice of optimum thick-
high most costs become, they represent a c on- ness, Stephenson looiks cinly at the cost of add-
stant proportion of the money used to fund ing insulation above a base case cost Where
them Fuel costs dre an exception We assume Rice depicts total annual cost on the vertic al as-
that these rise exponentially at a rete that is fast- is, Stephenson shows the present worth of heat-
er than inflation, therefore, we look at the rate ing costs for the life of the project plus the cost
of increase that is the difference between fuel of the increment of insulation Stephensons
price rises and overall inflation, graph is espeilal!'. useful bec ause the horizontal

The alternative assumption - treating infla- axis can represent d ofteroort ( nihi.1nit nii ot t It
tion explicity - produces results less favorable mate and heating ( ists per BLlt
to conservation, using our best guesses about an The slopes of the lines in Stephenson s graph
appropriate inflation rate. Such guesses are un- reflect the thermal resistance (R-value) of the
necessary when we simply ignore inflation and, construction. The higher the R-value. the lower
in effect, treat all costs in constant 1979 dollars the slope and (he lower the corresponding life-

time cost of fuel on the vertical axis for a given
thermal performance climate and heating cost combination shown on

The ASHRAI (1977) Handbook of Fundamen- the lower axis
ta/s was the principal source of information for Stephenson chooses a base case R-valUel ( on-
our calculations of thermal performance of struction Any additional insulation results in an
building materials We compared its values with increase in the cost of installation On the graph
manufacturers' data and found ASHRAE to be the line whose slope represents the improved
generally more pessimistic. This conservative R-value is displaced up from the origin by an
choice helps reflect the imperfections that occur amount that represents the increase in i(ost The
during installation and the degradation of per- lowest of the intersecting lines above the point
formance during the lifetime of the insulation on the horizontal axis repre:senting Vancu'.er,
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tor instan e, represent,, tilt, lei -t lili It. k oi t 011, l lxht' I th I II, (t l'-1\1,)lli

at that location \.- trilw ' rc rtlll It ( If', It wt llI, +nc.- ,.. Il C ,

Stelhenson , method i, limited it onplla)ring n ltl It I rcjljtj 4,I r,,r!, , T _, ,

alternat:te ins(ulation thi knlt,,,v t or a L1\tfl , lA<lltl L,i,{ 'n ,tt ,t "', 1(,t ,I

t pe o(t ion trlii tion teit( cI ()lt- jirt, rtl!tl t

to the base ase, the method (annolt pr(n i i Analysis method for ne% construction
sav of coiparing tv o tt pe% ot ( onstr tion on- 1 he insulation e( onoici ;tud\ in( rorte

less one of them is a base ( ase for the i ther three important ta(e the l mnate-heating (ost
[herreture tvo uI h graphs itor tim)Iw. toletr .ariable, the R- \caImes 0t the, base (axe and thet

a steel sandc,,ii h t>,inl Oill ,o nd mct, or ci trait, increnments for vath ( onstrut tion t\ pe, an( tht.
wsall) are unrelated additional ( ost ot insUlation in( rtrments I het,

tat tors ss ere combi ned as in Stephenson ,esan
L(( assumptions pie to produl e LCC comiparison (lr\es

, tor ve-
Rioe and Stephenson bth emphns I Ct prim i letted mihtar, installation, in Alaska

ples in their examples Ihese re(uire 11,iuili )-

tions about the time \alIue of mon,\ to the insu ',  Site selection
tor (interest rate) and the v( onomi litetime ot We selected 12 sites to give a good assortment
the prot( t involved The General Sers ii es Ad- of locations throughout the state (Fig 1) Initially
ministration (GSA) has ( hosen 5atlueN tor use in we targeted Point Barrow Naval Station and Bar-

government (onstru( tion It requires in interest ter Island Air Force Station for inclusion in the
rate of 10% per annuM and an ei(nnI 1 lte- study. However, because they make extensive
time of 25 years for building proje( t% (SA ad\,o- use of waste heat recovery from their genera-
cates these values to avoid having the govern- tors, there is no charge for heat Therefore, until
ment make capital expenditures that (onipete these sites run out of capacity from that source,
with the private sector for the money Supl)h comfort and ease of maintenance are much
The economi( lifetimie of a building is distrn(t more important insulation consideratioiis than
from its physical lifetime While a building ma heating cost.
stan(l for 50 years, it may require substantial re-
modeling after 25 years to adapt it for a ncs use Climate i construction costs

The remaining consideration for lite-( v( Although the locations with higher heating
osting is the difference between fuel pri( v rises degree-days (HDDs) (Fig 1) need thicker insula-

and inflation f or guidan( e on this question we tion, these sites are more remote, so in( reased
(hose U.S Army Corps of [fngiliccrs ( 14761 tig- construction costs generally offset the higher

4
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l ost% ill An( horage As a rutlSilt 01t t1e linttrlil

between itniate, tilixtrut tiuri ( ottx and heating Proent larth itI lws

( o(ttx. there i,, little reason to hase et onoti in- I. ke Tilt ' Pt.I 1 Ld .I tht'a ti14 'at,- tIW
xtilatiotf til( kness onl lot atiotn %%'thint the state, 'Iax.x )Itu ,( i' a m -i itinti'dl l' i sii Wa til

Hedtttg < osts III tlii9 Lieu n 2- ind 1 i0)'' %Nbtol 1a1 I

"i%te ha\ v J d tcl the ht-atirg I I(xt intto ti',0 i i tM Iitt lilt ttlim, t- t ill, proi-( I ill .t wd

Lategories I1 toel intl 2) operation, inainten.ini. t, thll 11111LI IlItt-tI Iitt I Ilie Nt (,I,! i( 1,,

andi repair. ad capitahi'attor ((),%A( ItIhe, ,- it- 'I'-ttti~ titit 1i W ttif I "I"

egories ark- separate bta ILIe the annL1 ( tixt OtNtiiiiiiatI tbx eaitiit Iw I

is assumed to reinain a t the l~I e t v If nIaIt in s IIttIt x , I itliirt I itt- Ia III t N 1 I,,I It I I t i C I ~ t fi

Most sites emplot, heating oil (D)I-2 diesel) t'Sk iiitill. aIfni'l ]kit-[ ("t p'l ta-itt' a0 '111

bought at a world-wide mihttar (otrtat. t rate, At ilitti-l-1it I ttt- t(It tatI' (ii1 attld flt!UdiI-1 M i

luneau CGS, tuel conies tronm ( oiniert. wi Ie t.~)rite 1tat4(w
dors i lie itIt ric t ht, l - i - p l it I fln tW I;

'l",e o(rh teouitr ht.,ttIrin, o4 ' t I III I f l ( (i ISUMI H 111 W~ttttit at 2 mual I I 1(11 ' )d

Irttrrt Tt il it e, eitt ni~ec Iti ri -t.- l(,at eal It I(i t te ttettte tr W iiw t00 ,I 'LV M ) ix 11t tt I l itt ' t ' \1 ti jit

tionf. therefore, till our ( alt, ulation. are inl 19j79 that tuni ( oxt-, ser iixct Hi i tillt t-(! %,d

dollars. However, since the early 1980)t diesel oil ue ox a 1984 191) ain( IW I hexi- 'xItt PIMIlta

rate ot $1 29gal is more realistir than the xhii% htits I en nttnt i' bttttti de( Ixlii d'

$0 44k)gaf for 1979t. we con\,ertod( the 1980) aI - i ixiti n i ixhiontiill(hi kiiixx ( httn~c s' it) tifle-

ue into 1979 dollars by div iding h 1 12 to a(c- Ind l ta raitl\ di x!tit telol et t la( ibxi)h(

count for the rate of inflation since we collected eta I he', 111it% i 1.1Li to i Mllt)Itr a det xsii It) t )

our dlata. \,irx axing I tinset tional axi~ttiptttimtx %% ith ai
The militarl, accounting systenm does not show VIT de t sio ixutt ixg the i "Ilw nix-to a I- jil'ini

the cost of transporting the fuel to these sites alhea d asisnmptin ot a1 it0 and1( i t, 1Lit

We have assumed this cost tot he equal to the therl de'taix ahLatIt the him( C it [IM I I lttI ai b
1979 barge rate of $95 ton and have allowed it to axe itppeear iii -\pNiitiih B

escalate with energy costs because transporta-
tion is energy-intensive. An alternate method ot ( lana te-hea t tg t ax t prante

looking at fuel prices would have been to substi- thfe alitisc onxiideuratiiii t otttrtiiit-ti tlotle(

tute the price that an ordinary citizen Would nwi tehoat ing Itxt ;tarameter t(ICl 1( det ted ax'

have to pay. In this case, the government buys
fuel inexpensively but because of conservative CHC 24 (5 (llI)II(P IMI , ti A1)'\MC
c onstrUti l o t anSUnes it only as f ast as an o rdtiI
nary ta\ptaper Would at that lot. dtIOn

OM(A I osts tn( lude the ( ists of operation,
mainteniano: Ii and repair, and heating plant antd It here

dfist ribut Ion s',stent ctijitaliation At l't Wain-
wright, tor exoanmple, thesevaue (In $ 10t111,u1 24 tactftr .ons ert Ing days to houi rx

are SOt factor at ountinlg for het ut ex!"
other than the beating plant

Operation (tl\ fuiding fuel) 1 4 H DD -heating degree- dax (baxed oin It 501

Maintenianik P and repair 0) 5 P B -present %%ort i tat. I r t or ext akat tug

(apitati,.ation 1) 5 series
I ota 12 4 1 1oust Of t(tti ad11i"Ut dt lt 111,11t an1d
Total 2 (listribut ion eftit ten(% ($ B~ud

I he $2 4
i100" BtU Value for 0M( is about equal P A present worth tao for Ifor unifoirmt

to the $2 1/10'P Btu spent Oil t 11(1 We Used tis series
1~~~~~~~~~~~ ~ ~ ~ ~~ 1 ai f17 ul(Ot o0C(Ot o or(( (ost of 1( M i adtxtod to plant and
1 1 atioof ~)7) fel csts o O( t ststar ourdistribution etta i( \ is Itui)
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Table 1. Clinate-heating cost parameter for Alaskan military sites.
All tigLIe, t t -|I' nl I l l MI , S(C pt! a++ rlJS td.

cLI.'mat-hotjq cost
)pt r,, a mt . 1jnd 'S i hr/Sw

( , t, u, tiot? 13Lit it/ I ii'. I , p t'bltJ1,r/J Cwnt,' i C fr i I Cotct'lJulI
O~r /ator S,' W Jqrt'~u , 1, L 0, 8'J: .+llu 10 t 81 197 10),' - 9S 1s99i 9 -19 7)

1.1 I . Ri,hatd',.n 10,70) 1.0' 1.0 7.' 9.) 24 2 1

1.1 lIu cauL ( 'S ',000 S.4 1.0 3. 51 71 1I0 120

1.2 I I. % m, I Ight 14.500 2.1 2. I 2a 21, .48 19
i. ii. I .(Cel,, 1 1,700 9.5 1, 51, 80 120 250 190
1.4 i, Iebu c MIS I ,O00 12 5.8" 91 130 I1 "-70 280
I. ,  

Fort N ukon AI S ]6,100 12 5.8" 94 1 40 180 I80 280
I.i King Salmon A[1 S II ,to00 I 4.5" ** 0 S1 120 250 ISO

It, c,alena Al' , 15,100 12 5,.3 * - 120 170 350 2(,0
I.' I tin Cit IS1 It,200 12 4.f, qI 10 ISO ;70 280

2.1 Cape t I.ish tc .A" I I 7,1100 17 1.4 86 120 180 381) 280
2.1 spitrewolin MI S 11,000 1i S.5 98 1 0 I,0 380 280

2.2 Xdak _N 8,80(_ 14 3,. __), 78 110 230 170

Natural gas
+ Coal

** Estniate

Heating degree-days and heating costs give val- in uninflated 1979 dollars
ues for CHC for the selected Alaskan military The conservative 1979 CHC values eliminate
sites ranked according to their CCF in Table 1. the step of prolecting to some future date In-

Escalating and uniform series describe wheth- stead, they employ more conservative interest
er future payments occurring on a regular basis and proiect-life figures that result in a higher
in the future will rise according to a com- CHC Such a CHC would occur sometime in the

pounded rate of increase or remain constant future (if conventional parameters were used)
Plant and distribution efficiency reflect the fact after escalation of fuel costs.
that not all the fuel energy consumed becomes
useful heat going into the distribution system be- Construction types
cause conduction and other losses in distribu- Next we'll consider the information necessary
tion prevent delivery of all the heat entering the to construct the lines on the life-cycle compari-
system. Therefore, for every Btu needed for son graph for each construction type we are in-
space heat, extra Btu's must be burned to ac- terested in and for each construction cost factor
count for these losses. A typical central heating representative of one of our sites. The variables
plant is about 80% efficient, and underground we need are 1) the R-value for each construction
distribution systems lose between 20 and 30% of and its increments to determine the slopes of the
the energy they receive lines and 2) the incremental cost of the insula-

The numbers in the CHC columns in Table 1 tion, which, when added to the base case, ad-
are the values along the horizontal axis of a life- justs the line representing the augmented case
cycle comparison graph similar to Figure 2. CHC, by moving it up
when divided by the R-value of the construction, The (onstru tlOn tpe Ve looked at most
gives the present worth of fuel consumed per closely were those that the Corp% ot Inigneers

square foot of wall or ceiling over the project typically uses in Alaska prole(ts partitularl
lifetime. For Ft. Wainwright and an R-13 wall, wooden stud or furred walls, atti spa(e,. and
this would be $118/ft2 with the conventional built-up (BUR) and prote(ted-roof membrane
1979 assumptions. (PRMI roofs We did not (onsider insulation in

For the years after 1979 we have escalated the floors because only spe( ial (ases. stu(h as in
fuel costs at their differential rate to a new level, permafrost areas, require a floor to be exposed
held OMC costs constant and calculated present to the cold, and then they %hould ( ontain msula
worth factors just as we would for 1979 There- tion for the full thickness of the joists in most

fore, the CHC values for 1984, 1989 and 1999 are cases
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Table 2. Will construction assumed for different R-values.

I t I " It? ' snP cell t"! f I A'.r W hir

R ai u~'~'r-h Ill. Yi hn r) 1. -W irl ,iIj flu,,

21 2. 24 1. 1

12 2.-4 24 t.'

40 _.4 24 1 1 2.

6,2 2s4 4 21 S'>

,%Aos t (o rpis o t I gn 't'r s 1 ho ItIi111 1 it hIter It glass' hatt' 1 lit bha'., i'.t' was. R 21 0. oh 6~ mn t

oft( rete. 0. 0(1( or ietal, eiiplo% %N00(1111 stuitds ffi11,itoll V\t lolti at in'.olatoiil tim( krI'.'.e'
or furring to 'Oiltain1 tihergla'.' Iii'.latinii T hi'. ot 8 7) In (R 121 12 ill (R 411 ind 17 in K02tj Ill
Mleans. thait addting inl'.latiOfi Ittt't I'. onI1 ti', till'. (11 i t' J,'..llie'( thatf the dt'ri'.it Ot tramlllig

tititit strut ture, and M(1 Ut'. s.imilar ih rem'ntal mftieber ( 0111g up) ilroiigi tilt' insuolatioln i'. 0.

t oti'' 11o matter w.hat tx Pt ot 0. all it i'. a part ot 1low Of) a1 S.qilait' toot 11,0.1' that the estra niateriail
I hrgi'.. n.oatin 011'.in Rao .dLI1O 11, P4. tol tabirit ate ai (leeper truss' W~ould1 he neglihie

Mt and 18 We' obtain higher at~loe'. b% ill reasing I, Oiiterlllg thev lisnsiti, itX ot the analt~i
the til kness' I N pit al %-,all t oil'trotl n' 001i dd anl Roots% 0.ti iii'.olatiol Oil the (let k (BUIR antd
R-italu,' ot about 2 to the in'.ulaition 1 heretore, 1'RM) ei'ili, %U(i it t'5tsi.ve ins.ulaition ma1.teriail
the (orrt''ponding o% erall w all R % aloe'. are I i. that iri reiiltntal in( rease'. in t ost for thit kt'r in-
21 . 12 and 40 ASH RAI (19~77) gi\' ', s on'.erva- '.o atIF itll uitI', I minit the user to a motU 11 loss ,r
ti\(e Insuolating %Jale' ttor mos1't material'. Appen- R-\alue, tan 0.(uld he typi( al in a tibt'rglass'-in-
thI\ C t ontain'. tile dettails. about the a'ssUnled solateti attlt In an attemlpt to emplo the least
thermial perttlrnlan., ttor this. antd the oIther base exSpensive' ma itrial I we studied tilt t a'e of a
case's hbuilt-up ruot t. ontaining rigid fiberglass Inso la-

I he mthod for adding insulation is , )mlew hat tion I hi'. res'ulIted in lot remiental I o'.ts tor a
mlore t. 01111)i( ated in thle c:ase of walls than it is given R-va [lot' Imlprovemnent that were very ( los.e
for other building elements. Table 2 sumimari/es tto those Of Urethane insulat ion We penal ized
the differenc es ill R-values for walls of diftferenlt tht' uretmare to) gR (' It a a tie (If only R-4 per
onstrU(tlion'. ilnch. t he' 5.1111 a'. ettirudtd ptolXstyrene. to at -

It is; likely that people Ignore the 2-in addi- t. ount for til s or. l the freon gas it ( oilt.Iinin.m(i
tionatl thickness at the floor perini 'ter when they its \Ulnt'rabil it' to mloisture' I he PRM root ei'l

evaluate the transition from 2 4 Studs to 2 x llov \5 trUtle polystyrenle foarin l our esail
b's However, an 18-in.-thick, R-62 wall would re- Pit's
quire considerable extra floor structure to ac- Our cost data for adding insulation come
comodate the intended use within Consequent- from Godfrey (1479) To adjust the informiation
Iy we have assumed a penalty on frame wallI con- for use in Alaska. we first converted it to Ant 110-
struction of $10/ft' of floor area consumed by rage costs using a rule of thumb suggested by
the wall to account for the roof and foundationl Chapman (pers conlnl ) We multiplied the m~a-

and $7ift' to account for the additional area terial cost of an item by 113 and the labor conl-
needed for each floor. This implies that the ma- ponent by 1.5 to arrive at the contra(ctor's c ost
for additional cost is in adding perimeter to the TO account for profit, overhead and contingencv
building without significantly affecting the in a contract price, the sumri of the adjusted labor
structural system or the utilities It would there- and material Costs Was Multiplied by 1 15 1 inal-
fore be unrealistic to assume a penalty equal to Iy, we multiplied that result by the constructlion
the typical 1979 Anchorage overall cost for a cost factor fCC[) shown in Table 1 to determine
building of at least $100/ft1 As a result of the the incremental cost at em Ih site
penalties we assumed, the incremental cost of a Army Regulation 415-17 gives cost factor ad-
frame wall for a two-story building is about dou- justments for estimating major construction ele-
bled We apply the penalty based on a two-story ments according to region The regional cost fac-
building in this report tors we used are about 24% less than those in

For attic spaces we assumed thle use of fiber- AR 415-17. Tables 3 and 4 indicate that AR
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Table 3. Sensitivity of wall and attic R-values to heating costs at selected mil-
itary installations in Alaska.
Lower limit a nd uppr limit olmlurni's fhvv' what emcfgntage the aitual cost Of hClietin

muld be of the damsm))ed tom, and Mtllj result in flt' SAr!' 1hofic if kilue. Blanks ind,-

Late where a higher K-%,ame nulatlom tas hAs '11it 5 altJlattd.

,n i fi/l /ib ,i I inr I ' m./, , L,),,i I i,

I'lUc l A-ifd i , lrmiit i~iiiW A' j14,, lit wmiit
cootlnttl (it fir I t . ttl+ ' t hr I H/t",' I'

Juneau LGS

" all 21 63 190 4.. +'i, I j

amti3 2 49 1 00 0,2 h-i .1

f t. (teech

wall 21 O -40 m2 q4

attic 40 90 51) 62 50 1 2t,

kotzebue AFS

%all 32 89 180 2

atti 62 98 280 78 94

I ort Yukon AFS
wall 32 9o 180 t2 72

attik 62 98 21) 78 8(,

King Sdlmon Al' S

wall 42 i ,O 40 90 110

itt'. 12 8 120 t2 51 130

Galena Al S

wall 21 I8 110 62 82

Atti 40 71 20 78 91

tin City AFS

wall 2 1 44 130 62 80

attic 40 91 140 78 88 -

Cape Lisburne AFS

w all 2 1 ",0 I i 0 t,2 99

attic 32 -40 I M t, 2 47 120

Sparrevohn AFS

wall 21 4S 30 62 99

attic 40 1f 40 62 47 120

Adak NS

wall 21 8 250 32 79 150

attic 32 62 170 62 82 230

Table 4. Sensitivity of wall and attic R-values to heating costs at Ft. Rich-
ardson and Ft. Wainwright, Alaska.
Lower limit and upper limit columns show what percentage the a~tual cost of heating

could be of the assumed cost and still result in the same choice of R-alue. Blanks indi-

cate where a lower insulation R-value case was not Lalsulated.

Con'entional Loier I 1ppir Cons'er,&atinc I ov-ir I pper
Place and R-volue limit limit R-valum, limit limit

componient (ft' hr ' F/Btu) (;) (%) (ttl hr t/Btu) (%) (5)

Ft. Richardson

wall 13 290 21 100 300
attic 21 350 32 78 170

Ft. Wainwright
wall 13 170 21 64 190

attic 21 130 32 49 130
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incraseDst Th til lO \tie make w)t ith datiesr line o h ferse n afa hog t t 1114he C for9sn

raepresuhlH vle t Ricarso in der 2 covnina GSA assItnitis v e o frIt

stable 1the 1979 1984pasn gr9p9 leHC value all crvesito sinterset I Grat$-f Thirps or
tnde rlt ot untidwls9 will fe cots ave- the loestiin [ itC undrte onvpendiona D s p
scngalpte higohe noght rain tye -2alls inAp- tosTesm etclCCln nutt

cordingerto conention tcnecsnass Thiso ing e forC R1 oiat io $3 8ft Thu, if% we, chos tis

coespnsp to the corvatve icases Aor 197e moe conervativo (hw oe insulatingvle.nemtu
Evme soe thei latter wot caens aretarhgnaean up than ponentalt Thisnogethe wvith the$0 t
roul aheorirepresen the owerfadi insulation au Conspenalty fr choingur an T-he ist ed if an
iurese ss the setiamies cmpar ion curvie on atie spe represents a smal additio) nl

aseFiguret4tbecauseValnesufhasFte.samehCrdso f costewhenntotaledfor the entiretbuilding, yeteth

1a 1. Howeer, 19 aun C989 buys mumes aluriin erwould iu es he at los,'Ths thfroug
einie fuel an has hnighe 99 MClfe costshv there wlst nd ude thg thnenationa AedSUI)
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20,) Juneau CGS
Cost Factor I I

,0

cirmate -Heating . 's. Purameter

I qi'urt,; Lite-(s / ost ornparisnn ciirwis tor I/s n s( ,)iltt'(d i ih
tihergiass hatts at the /tineju C-oast (;uarf Station C onpart, this
vs ith Ifigure 4 and note that the diagonal lines are Identical sini e III
neau has the same c ons truc tion u s t factor as It. Richardson I lIms

ee r. since the heating costs are so much greater the ertiual line%
Intersect the diagonal nim h farther out.

20 Fort Wainwright nr 2 5
Cost Factor 1.2 i 0%

- 5

+

1 0'

0 50 0 0 150 200-----250
Climate - Heating Cost POameter

3 -'F - hrs/Btu)

I igure 0 1ife v( /e tost ( omparison curses for "~a/1s insula ted vs ith
fiherglass harts at It. V ainvr ight Note the effect of using a cost
tar tor of 1 2 Instead of I I as in f igures 4 andI S.



20 Fort Greely n 2'

Cost Factor I 3 1(,

'I

+

o
c, I

• 440

0 50 100 1-tO 205

Cimote Heatrq Cost POrameter

figure V- / e ( I' ( )M pali srljll ;t lr IIt tilr IS i//, it)stii/,1f( (th

tiberg Iiss hutts it It (;tIels

Analysis method for reinsulating vsorth of the tuel to he sa\ieid F igure 8 depi( ts
existing construction fuLl ,,, 1 u% ' a' 1 d t u ll( 0011 Ot 1110 11111M).,rlC l t III

Reinsulating an existing building is a signiti- LI %aluu ttd R ,, ,, I R .. ........ I, 1 1 I I ti, .t
candy different problem for LCC analysis Insu- pre-enting (Ift N I, g at I- 'M lIt 1 1i'- ( I i(

lating attic space is not very different from new lines for I-t Ri(hardson. It \'aimsright It (ree

construction, except that there is not the option Iv and Sparrevohn AF S onie front tie \alut, In
of deepening the truss space. Adding insulation Table 5 Three exanIipltes represent tmpro\,
to an existing BUR or PRM roof is probably unec- ments il U-value V,all A i a 2 - t) tramr, %Nall
onomic, since it was uneconomic when the roof with 2 in of fiberglas inide Wall I, , a 2 - 4
was new. There is a case for adding insulation frame wall with no insulation and %%all C iN an
only when the roof insulation must be exposed empty 2 6wall
for repair anyway If we employ blown-in tiberglas, with an

Building walls present conflicting considera- R-value of 2 2/in , then we improve the L-UIalueS
tions for reinsulating existing construction Two of walls A, B and C by about 004, 0 14 and 0 17.
insulating strategies are available add insula- respectively Fuel savings for each square toot
tion to an outside surface or fill a void within the of wall C would be about $17 at Sparrevohn and
wall There are usually many obstacles to adding $1 .15 for Ft. Richardson, using the (onventional
insulation from the indoor side, including disrup- n = 25 years and i = 10% annually and assuming
tion of the inhabitants From the outdoor side, that the work is done in conjun(tion" sith remo-
the cost of trimming the added thickness around deling that resets the clock on the building's e( o-
openings and under gables and eaves can be sig- nomic lifetime Those amounts, then. represent
nificant. In the case of filling the wall, gaining the maximum price per square foot for i ther-
access to the interior and then patching the rally effective reinsulating job To put thee t-
points of entry can represent over half the total gures in perspective, (onider that su( h a blown-
cost. in insulation job might (ost about $1 18

In all cases for walls and roofs, two variables ft' for a Ft Richardson 2 1 6 frame wall This
determine whether the reinsulating measure is would make the job tough to justify economic al-
economic the degree of thermal improvement ly At Ft Wainwright, if the same job cost
which results in the fuel savings and the amount $1 661ftV, the $2 62ift' fuel savings would easily
that the cost of construction offsets the present warrant reinsulating

II
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iguirt, 8 1 tit I sa£ in s ,as i) htio~$n () thterma I/ imt ( npm em nt I he" slopes,

ot the lines reitresenrt the (limalte-tHeatirng ( ost l, rxu(,toer t~ toor sites

the fuel /sa irn s i vrti(a ,ti xs) trom ,? thernmii/nipro) tenwnt irep [ropo>r-

tio naI to) "M '( /" ( ,: , t,'. -'1. , ... ., I R r .- I

Table S. R-values of v alls insulated %ilh fiberglass

bails for times of c:hoic:e at selected military instal-

lations in Alaska.

Conse'rvative"
Convetionaul t, CC dlld) sis /-c af(Ilu/) sis

Site 19 79 198,1 1989 1999 19 79

Ff. Richardson 1 3 13 1-t 21 21
Juneau CGS 21 21 32 40 32
Ft. Wainwright 13 13 21 21 21
Ft. Greelye 21 32 32 62 62
Kotzebue AFS 32 32 40 62 62

Fort Yukon AFS 32 32 40 62 62

King Salmon AFS 21 21 32 62 40
Galena AFS 21 32 32 62 62

Tin City AFS 21 32 32 62 62
Cape Lisburne AFS 21 21 32 62 62
Sparrevohn AlFS 21 32 32 62 62

Adak NS 21 21 21 32 32

Walls B and A offer less opportunitV for ther- SENSITIVITY AND LONGEVITY

real improvement, they intersect earlier with the OF THE RESULTS

CHIC lines for each base, indicating a smaller jus-
tifiable reinsulating budget Appendix F is a Sensitiviby

graph for charting the fuel savings for an ther- The important variables in determing e(-

Fal improvement onomical insulation thicknesses are heat13g

12

|ur CG I2 21 32 40 32I



costs. the tos! ot in( ludling anl additional in( re With (onsers ato it a ssumptionis must oft

nient of Insulat ion im k ness in the building, and the rernote Air F orte S tatins "oul1 d em p lo
the heating dlegree-days tor thet locat ion at hland R-02 tallk aind R-78 it tir s So me sites it ouldt us
The ( limatiI, data are the most reliable of the R- 12 ilals aind R -62 atlii s )uM'JL( (IS be)0 arise
three forecasting variables Ihe c ost of insula- of a mnilder ( liniate) and Atdak N S (bet aise' Wi
tiori is derived1 from at cepted sour( es ot ( onl- high -onstrut( troll risk antd i wi Idtr I linraite
struction (ost data, With ad)LuStnents for % aria-
tions in locaLtion within Alaiska, this cain be an ad- (onstruction costs
equiate r. onimion point1 tor comiparisonl Ot the T he results Ot our StutI are a1, so quite in1 ('Isi
three print pal \ ariables, the data (.ont erning tive to varratrorns in in( remenrtal (lI~ts ot iiisti Li
heating t osts atif iu i Irltark installations in troll Higher fLoe) (sts tistiti bigger and more,
Alaska have the greatest Ilikelihood for errtor I s- expensive rot remints of (It (1010itO) ( ton\ersil\
tirnated (contraLt ( costs for standtardl ( oristrtit titin as coilstrtit tion tiosts tor adding iristilat ion1 in

techniques sot h as insulating stud tranre ",Mils crease, thes otfset the eiet ts oIf tuel ( osts ail
may be tttiite at Lrate Onl the at erage. but bosw miake atddiitinalI insti cit on m (re drttl ittlt to jus
does the \ ariartion of nld1\iditli prio es atine t the tiy I beret ore. uris possible error ril otir (otni-
econom ic pic ture? strtiton cost assumnptionr has in eitvte simirlir

to that denioristratetl inl I able ttor ttir 1 (tot in
Heating costs at i trat r es

If the tost of heating is higher thin \,te as,
Stimed in our sttudy, then the next inistulation In- Special cam
trenlent would appear more attrar tise It (oIil- 1-t Ri bartlstn and It ' a imNrig.ht irv ext it-
struction costs are higher than We a strmetl In tioris to the tifiorri R-s aloes intlu ated tour mili-
out study, less instulation looks more itt rat tre tars, installations throughout A liskai (oilmen-
Because the amount of insulation wse use' 'aries tional et onom o( aria Itsis genera lit sugges ts R 21
in incremental thicknesses tof sev era) inches walls and R1 2 itt it s is hr iv at thlie lot atiolls it
rather than continuJoiISI wve maN choose thi suggests R-1 I5 illls and R-21 iattu s Instead or

sanme thi-kness of insulation for a spettrti ot the R- 32 is alls andt R-02 attit s mnore t toiser\ aiti% t
heating cost, This can make the et onomnic ana l~sis generallv s -stggests, these lot iihis

choice of insulation thickness qtwte insensitive ,\ould have R-21 stalls antd R-32 attics
to inaccuracies In our conistructiton and heating These two major Armyv bases bi\ heating I uel
Cost asstumptions that is inexpensive by, most standards, Unlt in

The sensitivity of choice of instulation thick- the case tof attic instulat ion o, It'Aaisrgh
ness to inaccuracies in our assumlpions is nmore would a 30% increase in heat ig (,osts os er
important for framed (antd furred) walls and attit those we asstiiietl indicate increased instulatroll
spaces than it is for BUR and PRM roofs becatise value in either the (onveiol Ir r onser\ at is

regulatory requirements for minimtim0 thermal st enarios (T able 4)
performance, rather than energy economics, will
probably determine the thickness of insulation Lonigeviuty
for the latter two roof types HoAt long wtill our restilts remain %,dil It 1he

With conventional [CC assumptions most rili- DOE \,%ill prohabl\ got em nst atSUM11 ion t '%I

itary facilities in Alaska twould emp~loy at least the same timie, an hoilding compilonent should
R-21 walls and R-3(2 attics (Ft Richardson and ftI meet minimumn cons-entional liter s t( e ((1st err)-
Wvainwright are exceptions ) T hese results hold nomic ( riteria. Tables 5 and 0 demonstrate host
true even for a significant range of possible error the choice of insulating valtre ftr I rame stalls
in our heating cost assumptions (Table .3) Some and attics Wotild change ot-er the 20 years tol-
possible sources of error in( lude the escalation lowing 1c)79
rate of the price of fuel, the cost of transporting According to Table 5, onik\ atter 1t0 years
fuel to the sites, the labor and materianl costs of would the act umulatet inc rease of tLJV t tSts

operation, the maintenance and capitalization over insulation tosts begin tt) hange the rhoit e
costs of heating plants, and the cost of fuel of economical "all instulation in most rae

Table 3 demonstrates that the conventional ltineau CGS, Kofzehue Al S and ItI Wainwsright
present worth of the assumed heating costs would have changed to at least R- 12 stalls I he
would have to average 160% of what we as- remote Air I orce sites all would have rea hed
sumed to indicate the choice of a higher R-value R-02 The last t olumn dlemonstrates host a
in walls or attics choice of Insulation in 1999 using (onnsentiona I



Table 6. R-values of attics insulated with fiberglass batts RECOMMENDATIONS
for times of choice at selected military installations in
Alaska. We recommend more (onser ati e insulation

values than (onventional e( onom( s indl( ates
Conserurtiio We advocate a minimum of R-2 all, and R-62

(Come itiuati L CC jwl/ sis LCC anul3i attics for most of Alaska We have (Jneiorstrated
5Sit' 1979 19,8-. 19,89 1999 1979 that the LCC penalty is slight tor the hwnetit

Ii. R i hardson 21 21 21 2 32 gained
ItJ11Cu CGS 32 40 410 02 62
Ft. ,ainwrighti 21 32 2 2 12 Saving money vs saving energy
Ft. (ieel, 40 40 t,2 78 62 [nergy conservation saves in tyro dimen ions,
Kouebuc AFS 62 62 62 78 78 money and fuel Conserving one does not ne(es-
Ft. Yukon AtS 62 62 62 78 78
King Salmon AI S 32 .40 62 78 62 sarily sa\,e the other A fess de( ades ago e( ono-

(Wiacna AFS 40 n2 i,2 78 78 mic analysis of the appropriate amount ot ,nsu

Iin Cio AFS 40 62 62 78 78 lation in buddings vould has e indi atod the
Cape Lisburne AFS 32 40 h,2 78 62 need for very little, because burning fuel vNas
Sparreohn AFS 40 62 62 78 62 less expensive than adding more insulation In
,Adjk NS 32 32 40 62 62 retrospect we wish we had ignored the -sound

economic considerations of the past and paid a
little more for additional insulation that , ould

analysis matches our (onservative 1)71 hoi(e have saved tuel that is now gone torever

of insulation in most cases Today we see fuel resources as limited In sup-
The choice of insulation value for attics with ply and appreciate that what wNre ( onsume noss

fiberglass batts is more sensitive to time than the may not be available later, even in some e( ono-

choice for wall insulation (Table 6) Within five mical substitute form [xponentiall, dcl indling

years most locations would require a higher developed petroleum reserves result in eponen-

R-value in new construction After 20 years most tially increasing energy costs. Life-cvyle cost

remote locations would require R-78. Note that analysis can accommodate such anti ipated in-

the conservative LCC analysis for 1979 again creases in prices within the economic horizon of

agrees with what the conventional choice in the pTotect at hand However, there is little in-

1999 would be in all but four cases. centive for an individual who is trying to make fi-

In sum, the choice of wall and attic insulating nancial resources stretch as far as possible in the

values of R-21 and R-32 under conventional as- next 20 years to make sac rifices for the sake of

sumptions or R-62 and R-78 under conservative conserving resources for people living 100 year,

assumptions for most locations in Alaska is quite Iro Min 11M% I hi' uture hold s too niu h un ertan

insensitive to any inaccuracies in our assump- t, esen it the ikIdil,1I plan, that tar ahead

tions about heating costs or construction costs. A nationv,biu 0,er li%,e longer than it, indis
In fact, our conventional assumptions result in dual ( citizens. lust as, a bodt lies longer than its

insulation values consistent with standard prac- ( onStituent (ells Therefore. it makes sense for a

tice nation to plan beyond the human life span

However, the analysis of the longevity of re- There may be o technologi(al solution to the

sults indicates that the standards for insulation high cost of energy, but there are no guarantees

thickness should be adjusted upwards about If technologv doesn't solve the prot 1,nm. people

every five years, given conventional LCC as- in the future will be much better ott it we sae

sumptions This high rate of obsolescence indi- fuel resources in preference to saving mone It

cates that using extra insulation in a new build- we knew and valued the future as we do the pre

ing to ensure that the owner will be satisfied in sent, saving money and husbanding tuel re

the future is worth the small penalty, sources might be the same poli(N

The results of our conservative assumptions
are in harmony with the current choiies of peo- Energy economics conservatism
pie who consider saving fossil fuel for future For this reason we recommend that economic

generations to have a higher priority than saving analysis of energy-related investnents be more

money The conservative assumptions would not conservative than the (onventional assunptions

be as likely to require a (hange in insulating cap- of a 25-year v( onom ( life and a 10% return on

ability because additional insulation would not investment that many got ernment agen es (ur

save very much rently employ If we assume that construction

14



costs roaghly parallel inflation while the rate of A person in An( horage or F airbanks pa, ing 80)

incrEase of energy costs is higher than inflation, cents per gallon of fuel oil in 1979 would want to
then economic analyses of insulation thickness insulate frame construction with an R-A2 attit

may be as radically different 20 years from now and R-21 walls, according to our (onventional

as today's analyses are from those of 20 years assumptions Conservative assumptions indicate
ago. Our calculations indicate that conservative R-62 throughout
assumptions of a 30-year economic life for new In the year 2000 the conventional e(onomic
construction and a .3% return on investment re- choice may well be R-62 walls and R-78 attics
suit in the same insulation thickness decision to- Fmploying those values today would inc ur an in
day as would be made with the conventional itial penalty, but result in energy savings The net
lifetime and interest figures after 20 years of fuel LCC penalty would ensure against unexpectedly
price increases that exceed the inflation rate high fuel cost increases Also, the owner of su(h
However, the present worth of the decision a building 20 years from now would be well sa-
based on the conservative parameters is less tisfied with the building's thermal performam e
than for a decision made in the future with the The penalty for choosing the conservative in-
conventional parameters sulating values over these dictated by (onven-

The policy of spending a little more now to tional economics would be slight For example,
save later would be difficult for any government opting for R-32 walls and R-62 attics in place ot
agency to adopt voluntarily because it would R-19 and R-32 would cause a LCC penalty ot
make new construction more expensive in a time about 0 1% of the construction cost of a tvpi(al
when budgets are tight. This is because govern- barracks or housing multiplex at a remote Air
ment agencies' planning horizons correspond Force site R-40 walls and R-78 attics would re-

more to the career spans of politicians or civil present a 04% [CC penalty For an R-32 and
servants than to the lifetime of a person, family R-62 combination at Ft Richardson, the penalty
or nation. However, added insulation thickness would be 1 1% of the construction cost
is a small part of total building costs and offsets This penalty is the cost of the additional insu-

added heating and ventilating capacity lation less the present worth of the fuel to be
The results of the conservative economic saved over a 25-year economic life at 10% inter-

analysis for government projects show that tvpi- est (Appendix E gives further details on LCC pen-

cal frame construction should employ at least alties for conservation ) Unfortunately, although
R-62 attics and R-32 walls throughout Alaska, the LCC penalties are slight and represent an in-
with the same exceptions as before Ft Ric hard- surance premium well spent to cover unex-

son and Ft Wainwright should have R-12 attics pected energy cost increases and to satisfy the

and R-21 walls. However, whether the conven- building owner of 20 years hence, the initial cost

tional (10%, 25 yr) or the conservative ( %, 0 penalties are harder to ignore In an era of tight
yr) economic analysis is used, major installations budgets, construction cost increases of 0 4% to

should buy fuel inexpensively but consume it as 1.1 % of the conventional building cost for in-
if it were as expensive for them as it is for the av- creasing the insulating value of walls and attics

erage citizen. Competition for fuel sources from to R-32 and R-62 at the major bases and R-40 and

the private sector may drive up the pri(es these R-74 at remote sites are not likely to receive ap-

bases pay. Therefore, added insulation is a good proval.
hedge against inflation. This policy would put

the insulation thicknesses for the major military Building energy performance standards
installations in line with those for other sites in The above reconmendations tor economi(
the state. thicknesses for insulation do not ( ontradi( t the

Most large buildings employ flat roofs rather Building Lnergy Performance Standards (fit PS)

than sloped roofs with attic space The overall that the Department of [nergy has developed
economic considerations in choosing flat over Rather than require that each buildin have a

sloped roofs are beyond the scope of this paper spec ified thermal value for each component, the

However, even conservative economic param- it PS require that a building as a whole consume

eters for determining insulation thickness indi- not more than a specified amount of fuel This

cate BURs should have an R-20 rating in most gives the designer flexibility to increase glass

cases and PRMs an R-29, while most attic space area. for example, but pay the penalty elsewhere

should have an R-62. We advocate roofs that ac- in in( reased th-rmal eti( ien , I he emphasis ot

commodate much insulation inexpensively, the BEP PS is on saving energy, rather than dollars

15
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APPENDIX A: HEATING SYSTEM COSTS ($110 ' Btu).

&4d Mi tendice

and Total
Site Fuel* Operation repair (apitazation ()M( Totat

Ft Richardson 10 -t - 14 24
Juneau CGS 84 - - - 40 12
Ft Wainwright 21 1 4 0 52 (1 46 2 1 4 4
Ft Greely 95 - - 0 14 1 5 11
Kotzebue AFS 12 - - - 5 8a* 18
Ft Yukon AFS 12 - - - 58"" 18

King Salmon AFS 11 - - - 4 '* 16
Galena AFS 12 - - - 5 1'" 17

Tin Citv AFS 12 4 5 004 007 46 17
Cape Lisburne AFS 12 1 1 002 007 1 4 13
Sparrevohn AFS 15 8 1 010 0 11 8 3 24
Adak NS 14 22 055 1 2 4) 18

Includes conversion efficiencs and reflects 1980 pri( e in( rease expresed in unntlated 1q71'
dollars

t Blanks indicate unavailable figures
Estimate

APPENDIX B: PRESENT WORTH FACTORS (PWFs).

Escalation Conventional PvV s Conservative PVs F
Cost rate (n = 25, i = 10%) /n = 30. i = 3%1

component (%) 1979 1984 1989 1999 1979

Fuel oil 8 198 291 428 92 3 679
Natural gas 8 198 291 428 923 67 9
Coal 5 144 184 23 5 38 2 41 0
OMC 0 907 907 907 907 -

17



APPENDIX C: BASE CASE AND INCREMENTAL THERMAL PROPERTIES.

These diagrams represent the construction and thermTal resistances ol the building e(ements analv ed
For each element there is a base case, representing the minimum thermal properties assumed, and a
means for increasing insulation bv increments For a stud wall the framing method changes with the insu-
lation thickness For other elements the inSUlation increases according to stok sizes without affecting the
rest of the construction

figure C I V"ood frame construction.

material Thickness R

1. Still air -0.68

2. Gypsum board Y:i in. 0.46
3. Fiberglass 3%4 in. 9.97 =(14.6/161 11.

insulation
4. Joist 3 3 in. 0.41 = 01.5/16) 4.35-
5. Sheathing % in. 1.33
6. Steal siding - -

7. 15-mph air -0.17

Total 13.01
6 ~Adjustments for the proportion* of framing and in-

sulation widths.

a. Base case. This construction method uses 2 x4's, 16 in. on center, and has an R-value of
13.

Material Thickness

1. Still sly 0.03
2. Gypsum board Yx in. 0.46
3. Fiberglass 5 Ys In. 17.81

Insulation
4. Stud 5%, in. 0.43
5. Sheathing YIn. 1.33

06. Stool aiding -

6 7. 15-mph air -0.17

3 (2 Total 2017

b. R-21 wall. The next thickest wall uses 2 x6's, 24 in. on center. Its R-value is 8 larger than
that of the base case (AR = 21-13).

'19



Figure C I tcont d). V~ood frame construction

Material Thickness R

)L3. Stud 3 YIn. 0.27
4. FRberglas. 11% In. 0.23

insulation
5. Stud 3 % In. 0.27

6Fiberglass U Iin. 3.13
Insulation

:: _ .Sheathing YeIn. 1.33
8. Steel siding -

9. iS6-mph air -0.17

2 ( Total 31.0

c. R-value wall. After a 2 x 6 wall, any thicker wall would use double rows of 2 x 4's, 12 in.
on center, on seperate plates. The increase in R-value over a 2 x 6 wall would be 1 1 [AR=
32-21). Any further increase would be due to additional fiberglass insulation between the
stud v~,al/s; the R-value would increase at a rate of 31.5 for each additional inch.

fgure (2 \lasonrs constru( ton base case. this construction method uses W-in -thick concrete blocks vs ih
2 '4 iturring Tho base case has an R-%alije equisaalent to that for the s ood frame base case The methods
of adding thick ness to the ssall are similar to those for s nod frame constrUction

Material Thickness ft

1. Still air-0.
2. Gypsum board Y.in. 0.46
3. Fiberglass Insulation 3%1 In. 10.30

& furring
4. Concrete 8 In. 1.72

block
S. 15-mph air -0.17

3201 ( Total 13.4
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Material Thickness R

1. 15-mph air -0.17

2. Concrete 2 in. 0.70
paving
block

3. Extruded poly- 2 in. 8.00

4. Light-Wt. 2 In. 22

45. Steel dock -

8 . Still air 0.113

6Total 11.92

1 iure (4 BL R hase it, W\ititl),,1t1 f I otili hC rtgid tt(ti,~ 0h h 1 u 1 If("1'

R .a/Ih hi 2 8 to[ eic h imh

Material Thicknaeass

1. 15-mrph air -0.17

2. BUR feltas 1 in. 0.33
3. Rigid fiber- 3 In. 8.33

3 glass
44. Deck -

5. Air apace -0.85

6. Acoustic YaIn. 12
tile

67. Still air -0.61

0Total 11.54

figure ( .-Attic has(, case -Additional/ insul(ation o ild he fiberglass~ ha tfs or loot se trul hi( h i% (nild it,
crease the R- ie bvh 2.8 iot each inch.

Material Thickness

2 6.Stl i 1.2

2. Flbergiass 6 % In. 18.0
3 Insulation

3. Gypeum board V, In. 0.6

Total 15.8



APPENDIX D: ICC COMPARISON GRAPHS FOR WALL AND ROOF SYSTEMS

This appendix includes the life-cycle cost comparison graphs for fiberglass-insuioted walls at all stud',

sites except Ft Richardson, Juneau CGS, Ft. Wainwright and Ft. Creelv, which were covered in figures
4-7. it also includes the graphs for BURs. PRM roofs and attics at all sites

Figure D1. Graphs for fiberglass-insulated walls.
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20- Tin City AFS n-25
Cost Factor 19 1-10%
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Figure D2. Graphs for PRM roofs.
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I tgure D 1 Graphs~ tor IR~.

201 Fort Richardson i
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figure D4. Graphs for fiberglass-insulated attics.
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APPENDIX E: COST PENALTIES 11OR ENERGY CONSERVATISM.

i1l%ld1ti0F1 assuniptioi (R- 12 Ral. R-2 attic in plit, ot the ( r(ninl ~mto R 21 ev ilk. R Q at
ti( ) I his ~ISSUit'se LCC cost perialties (the ( ost ot the thiker insulation Is~ the presr il xorth ot the' IAi

sJIV11d) oF $0 4 It' tor ,ittit andit $F 5 ft-to r .%aills anid o 10 Stlt (iointrU( tioll ( St

Table El. Wall and attic penalties for each of the sites.

Net LCC penaltv (S it')

R-2 R Q2 R! 32 R-21
Site attic v4aiI

I it Rherdson' 01 04

2 Juneau CGS 04 0 5
3 Ft Wainwright* 0 0 0 1
4 Ft (;reely 07 08t
5 Kotzebue AFS 02 0 1
b Ft 'Yukon AFS 02 01
7 King Salmon AT S 0 F 0OS
8 Galena AFS 00 0i2
q Tin (l OVATS 02 04

10) Cape 1i~burne AF S 04 1 7
1? Sparrevohn AfS F) 1 i0 S
12 Adak NS 01 014

R 42 "~ R 21 atic. R 21 vs RI 1 wall
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APPENDIX F: GRAPHIC AID FOR FIGURING ENERGY SAVINGS FROM THERMAL IMPROVEMENTS.

80?-

2- 7 0

001 02 & -U 03 04 05

Instructions
1 Calculate CHIC for Your facility using eq 1 Use conventional Pre~ent Worth Factor,, (n 25

!0%) or conservative (n = .30, i = 3%) as appropriate Locate a point between two lines that bra ket your
CHC

2 Draw a line from the origin through your point
3 1o dle ALI finitial L-vaint minMUs U- ,,liit afttr reirmulitiogni ol imp~ro\tflltrt on the liorl/ont~di~i,~

Draw, i %verti( al lineC to Wour ( W- line( in(! a] horilont'I l1it to the t,~ti Is

4 Read the energy savings on the vertical axis 1 his i; your budget tor the initial cost o! the iropros e--
ment to pay for itself within the period n

Figure 8 demonstrates this process.

47

Pt~hUitsG PAC'IR B.,ANC.NOT 71 LAD



A facsimile catalo.; card in Librarv of Congr-ss MARC

format is reproduced below.

Flanders, Stephen N.

Least life-cycle costs for insulation in Alaska /
by Stephen N. Flanders and Harold J. Coutts. Hanover,

N.H.: U.S. Cold Regions Research and Engineering Lab-

oratory; Springfield, Va.: available from National

Technical Information Service, 1982.
vi, 54 p., illus.; 28 cm. ( CRREL Report 82-27.
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